The fusion cross sections for the reactions of all the projectile-target combinations found in the cold valleys of 286 112 have been studied using scattering potential as the sum of Coulomb and proximity potential, so as to predict the most probable projectile-target combinations in heavy ion fusion reactions for the synthesis of super heavy nucleus 286 
INTroduCTIoN
Extensive studies have been made both experimentally and theoretically on heavyion fusion reactions for the understanding of the reaction mechanisms involved, especially for the synthesis of super heavy elements (SHE), which is a hot topic and very interesting problem in Nuclear Physics. As the fusion-evaporation reactions give low cross sections, the increasing difficulty with which heavier SHE can be produced is a major challenge to experimental investigations, nowadays.
Followed by the discovery of radioactivity by Henri Becquerel in 1896 [1] thirtyone radioactive elements including U and Th, were added to the table of elements in the first century of the development of nuclear physics. In a retrospect, both theoretical and experimental, different periods have to be considered historically [2, 3] in reviewing a century of radioactive elements up to Z = 119 [4] . Initially, a first period [5] yielded the radioactive elements between Bi and U, where as second period [6] produced large quantities of new manmade elements with the enormous developments in fission techniques and n, p, d, α-capture of the heaviest isotopes in the high neutron fluxes of nuclear reactors. The development of particle accelerators and particle detectors in the third period (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) [7] , allowed scientists to fuse light elements B to O with long-lived isotopes of the heaviest actinides produced in nuclear reactors. In this production method, as the compound nuclei formed after fusion, are heated owing to excitation energies between 40 and 50 MeV, the method is called "hot fusion" or "actinide-based fusion." In the fourth period, which began in 1974 [8, 9] closed-shell nuclei, 208 Pb and 209 Bi, are fused with medium-weight neutron-rich isotopes such as 54 Cr to 70 Zn produced the elements 107 to 112 at GSI, Darmstadt [10] [11] [12] [13] [14] . In all the reactions, at excitation energies of 10-20 MeV the compound systems stay colder than in hot fusion reactions and the method was called "cold fusion" or more appropriately "cluster-based fusion" or the neutral "Pb/Bi-based fusion." Moreover, SHN with Z = 113-116 and 118 have been synthesized at JINR-FLNR, Dubna, in collaboration with the LLNL researchers [15] [16] [17] [18] [19] [20] [21] [22] and very recently they were also successful in the synthesis of two isotopes of Z = 117.
The recent progress in the accelerator technologies has encouraged the experimentalist to reach the shore of the "magic island" or the island of stability up to around Z = 120, 124, or 126 and N = 184 [23] . 48 Ca was proposed [19, 22] as the projectile on various trans-uranium targets. The synthesis of many super heavy elements with Z < 119, during last three decades is mainly based on this idea [21, 24] . Recently, Oganessian et al. have reported the synthesis of element 117 via the fusion of 48 Ca and 249 Bk [25, 26] .
The study of super heavy elements leads to many new findings, especially the possible appearance of new magic shell numbers or more precisely the prediction of the doubly-magic nucleus next to Z = 82, N = 126, 208 Pb. In addition to general radioactive decay through alpha and beta decay with subsequent emission of gamma rays, decay through spontaneous fission and cluster radioactivity [27] was predicted in recent years. Cluster radioactivity is the spontaneous decay of nuclei by the emission of particles heavier than alpha particle say 14 C, 24 Ne, 30 Mg and 34 Si and therefore occupies intermediate position between alpha decay and spontaneous fission. Based on the in depth and wide theoretical [28] [29] [30] [31] and experimental [32] [33] [34] [35] [36] studies on cluster radioactivity, it has been established that cluster decay is one of the key decay mode for the radioactive nuclei, especially in the super heavy region.
Sticking on the concept of cold valleys which were introduced in relation to the structure of minima in the so-called driving potential, which is the difference between the interaction potential and the decay energy Q of the reaction, radioactive decay of super heavy nuclei 286 112, 292 114, and 296 116 were studied [37] , using the Coulomb and Proximity Potential Model (CPPM) [38] and it was found that in addition to alpha particle, 8 Be, 14 C, 28 Mg, 34 Si, 50 Ca, etc. are optimal cases of cluster radioactivity, since they lie in the cold valleys. Two other regions of deep minima centered on 208 [39] , in the present work we have studied the fusion cross sections for the reactions of all the projectile-target combinations found in the cold valleys of 286 112 [37] , using scattering potential as the sum of the Coulomb and proximity potential, so as to predict the most probable projectile-target combinations in heavy ion fusion reactions for the synthesis of super heavy nuclei.
In the analysis of heavy-ion fusion reactions [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] , an internuclear interaction consisting of repulsive Coulomb and centrifugal potentials and attractive nuclear potential plays a major role, where the potential is a function of the distance between centre of mass of the colliding nuclei. At a distance referred to as Coulomb barrier the total potential attains a maximum value, where the repulsive and attractive forces balance each other and the energy of relative motion must overcome this barrier in order for the nuclei to be captured and fused.
THeory

The potential
Exploring the different nuclear reaction mechanisms, which are exclusively governed by the nucleus-nucleus potential, with a unique nuclear potential is an extensive challenge for the last several years in nuclear physics.
Explaining the nuclear potential as the product of a geometrical factor, which is proportional to the reduced radii of colliding nuclei and a universal function is commonly accepted, as it is incorporating the role of different colliding nuclei in the geometrical factor. In this effort, a simple formula for the nucleus-nucleus interaction energy as a function of separation between the surfaces of the approaching nuclei has been given by the Blocki et al. [50] . The formula is free of adjustable parameters and makes use of the measured values of the nuclear surface tension and surface diffuseness.
The interaction barrier for two colliding nuclei is given as:
where Z 1 and Z 2 are the atomic numbers of projectile and target, r is the distance between the centers of the projectile and target, z is the distance between the near surfaces of the projectile and target,  is the angular momentum, µ is the reduced mass of the target and projectile and V p (z) is the proximity potential given as:
with the nuclear surface tension coefficient,
ø, the universal proximity potential is given as: 
The fusion cross section
To describe the fusion reactions at energies not too much above the barrier and at higher energies, the barrier penetration model developed by C. Y. Wong [40] has been widely used for the last four decades, which obviously explains the experimental result properly.
Following Thomas [51] , Huizenga and Igo [52] and Rasmussen and Sugawara [53] , Wong approximated the various barriers for different partial waves by inverted harmonic oscillator potentials of height E  and frequency ω  . For energy E, using the probability for the absorption of  th partial wave given by Hill-Wheeler formula [54] , Wong arrived at the total cross section for the fusion of two nuclei by quantum mechanical penetration of simple one-dimensional potential barrier as:
where
ω is the curvature of the inverted parabola. Using some parameterizations in the region = 0 and replacing the sum in equation (8) by an integral Wong gave the reaction cross section as:
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For relatively large values of E, the above result reduces to the well-known formula:
reSulTS ANd dISCuSSIoNS
In Nd, due to the presence of Z = 50 and N = 82 magic shells. Since the above discussed clusters and daughter nuclei lie in the cold valleys, they are the optimal cases of asymmetric/symmetric binary splittings and hence can be identified as the optimal projectile-target combinations for the synthesis of super heavy element, with considerations to the nature of interaction barrier, potential pocket for a realistic depth and nuclear stability.
Taking Coulomb and proximity potential as the scattering potential, we have calculated the interaction barriers for the fusion of all the above identified optimal projectile-target combinations in the case of super heavy 286 112 nucleus, against the distance between the centers of the projectile and target and the corresponding barrier height E 0 and the barrier radius R 0 noted with  = 0 and the values are given in Table 1 . Moreover, near and above the barrier, the total fusion cross-sections for all the above systems have also been calculated by using the values of E B and R B and using Eqs. (8) and (10) . It is found that the computed fusion cross sections for all the systems are of the order of several millibarn.
As a systematic study for predicting the most suitable projectile target combination for heavy ion fusion experiment, initially, take the projectile-target combinations 134 that are to be appreciable for the fusion to takes place, are shallow in all the three cases and hence cannot be used as a suitable projectile-target combination for heavy ion fusion reactions. Moreover, the projectiles are comparatively heavy and while noting the half lives, none of the projectiles are stable also.
While analyzing the interaction barriers for the rest of the combinations given in Table. 1, it is observed that the potential pockets are appreciable in the cases of 82 Ge + 204 Hg system onwards, as shown in Fig. 1(d) . Now, for a detailed analysis of the fusion possibility in the first deep region in the cold valleys, consider the systems 82 Ge + 204 Hg, 80 Ge + 206 Hg and 78 Zn + 208 Pb. The presence of magic neutron shell N = 50 of 82 Ge in the first system, the magic neutron shell N = 126 of 206 Hg in the second system and the presence of double magicity of 208 Pb in the third system, along with moderately spanned potential pockets make the systems as suitable projectile-target combinations for the synthesis of super heavy nucleus 286 112, which is in good agreement with the predictions in Ref. [31] .
Further, in an attempt to predict more suitable projectile-target combinations from the binary splittings, which are having good potential pockets, we have considered the projectiles and targets having comparatively large half lives and the systems Table 2 , cross sections computed using Eq. (10) almost matches with the result of Eq. (8), as the energies are above the barrier height. Considering the stability of the nuclei based on half lives, it can be seen that 
CoNCluSIoNS
We have calculated the interaction barriers for the fusion of all the projectile-target combinations identified in the cold valleys of super heavy 286 112 nucleus, against the distance between the centers of the projectile and target by taking Coulomb and proximity potential as the scattering potential. Near and above the barrier, the total fusion cross-sections for all the systems also have been calculated and it is found that the computed fusion cross sections for all the systems are of the order of several millibarn. 
